The relationship between reaction conditions and the stimulation of aianine aminotransferase by pyridoxal S'-phosphate was investigated. Reaction conditions given for optimized aianine aminotransferase measurements are also optimal for measurements in the presence of pyridoxal 5'-phosphate taking into consideration the inhibitory effect of phosphate buffer. Additon of 150 pimol/1 pyridoxal S'-phosphate to the reaction mixture guarantees a maximal stimulation after a pre-incubation period of 10 min. Factors influencing the magnitude of stimulation rates of both aminotransferases in different patient groups by pyridoxal 5'-phosphate are discussed.
Pyridoxal S'-phosphate is the coenzyme of aspartate aminotransferase (EC 2.6.1.1) and of aianine aminotransferase (EC 2.6.1.2) (1). Addition of pyridoxal S'-phosphate to the reaction mixture or serum increases considerably the activity of aspartate aminotransferase in many patients (2) (3) (4) (5) (6) (7) . IFCC recommends the inclusion of pyridoxal S'-phosphate in the reaction mixture (8) . On the other hand, the influence of pyridoxal S'-phosphate on the aianine aminotransferase activity has received little consideration hitherto (2, 4, 9) . In order to obtain further information on the influence of pyridoxal S'-phosphate upon aianine aminotransferase we have investigated the relationship between pyridoxal S'-phosphate activation and the other reaction conditions for the determination of aianine aminotransferase. pyridoxal 5'-phosphate. Ratio of sample volume to final volume was 1:7.5. After pre-incubation of enzyme-substrate for 15 min the reaction was started by addition of 2-oxoglutarate. The nonspecific reaction rate and the apo-aminotransferase activity of lactate dehydrogenase were subtracted. Duplicate assays were performed and the data given are the means of the duplicates. The standard deviation was estimated by duplicates using the following equation s .2 =£L 2 m (R = difference between duplicates, m = number of duplicate assays), s was ±1.4 U/l in the range of activities from 25 to 75 U/l. The within series precision of the method expressed as coefficient of variation was 3.29% (mean test activity 30.4 U/l, a series of 12). £-alanine, pyridoxal S'-phosphate, lactate dehydrogenase were obtained from Boehringer Corp., Mannheim, NADH from VEB Arzneimittelwerke Dresden, 2-oxoglutarate from Reanal, Budapest and tris and NaH 2 PO 4 from E. Merck, Darmstadt. The serum samples were taken from patients.
Materials and Methods
Enzyme reaction rates were measured at 340 nm on the L KB Reaction Rate Analyzer 8600 at 37 °C. 
Results and Discussion
The role of pyridoxal S'-phosphate in the activation of aianine aminotransferase was recently demonstrated (2, 4, 9) , but no systematic investigations have been published so far. It was shown that the reaction conditions influence markedly the magnitude of stimulation of aspartate aminotransferase by pyridoxal S'-phosphate (10) . Therefore, it is also necessary to investigate these relationships for alanine aminotransferase.
The inhibition of the pyridoxal S'-phosphate stimulation by phosphate buffer, which has been observed with aspartate aminotransferase (9, 11, 12) , has now been shown by the present authors with alanine aminotransferase. By addition of pyridoxal S'-phosphate the mean stimulation of alanine aminotransferase activity in sera from 20 different patients was 35.3% ± 4.38 in the reaction mixture with 100 mmol/1 tris buffer in comparison with 6.73 %± 1.25 in the reaction mixture with 80 mmol/1 phosphate buffer (arithmetic mean ± standard deviation of the mean). The poor stimulation of alanine aminotransferase described by other authors (2, 4) can be explained by the buffer used. In further investigations we used only tris buffer.
Maximum activation of alanine aminotransferase was observed in the presence of about 100 μιηοΐ/ΐ of pyridoxal 5'-phosphate ( fig. 1 ). For the presented method we propose 150 μηιοΐ/ΐ of pyridoxal S'-phosphate as a sufficient concentration for activation of alanine aminotransferase.
Investigating the dependence of incubation time on the activation effect of pyridoxal S'-phosphate we obtained the maximum activation after 7 to 10 min pre-incubation of sera in the reaction mixture with pyridoxal S'-phosphate before the reaction was started ( fig. 2) . In general use, the preincubation time is 10 to 15 min in alanine aminotransferase measurements. Therefore, the preincubation time does not need to be extended in measurements with pyridoxal 5'-phosphate.
Investigating the other reaction conditions e.g. pH, substrate and buffer concentrations (figs. 3,4, 5, 6) we found that the reaction conditions given for optimized alanine aminotransferase measurements (13, 14, 15) are also optimal for measurements in the presence of pyridoxal S'-phosphate. Pyridoxal 5'-phosphate prevents the inhibition by tris buffer up to 200 mmol/1. Therefore, an intended standardization of alanine aminotransferase measurement in the presence of pyridoxal S'-phosphate can be carried out by the usually optimized methods with the addition of pyridoxal S'-phosphate.
We measured the activation of the apoenzyme of alanine aminotransferase and of aspartate aminotransferase in three groups: in subjects with normal values of aminotransferases, in patients with chronic liver disease and in renal transplant patients (tab. 1). In all three investigated groups we could not find any significant relations between the extent of stimulation of both aminotransferases by pyridoxal 5'-phosphate (p > 0.05). We must also take into account the different stimulation rates of aminotransferases in the same sera of the groups investigated: patients with chronic liver disease show a lower stimulation of aspartate aminotransferase and renal transplant patients show a higher stimulation of alanine aminotransferase than normal subjects. It becomes evident that the factors influencing the magnitude of stimulation of both aminotransferases by pyridoxal 5'-phosphate are very complex. It is possible that the level of pyridoxal S'-phosphate varies in different tissues and therefore, the aminotransferases released can show a different saturation with pyridoxal S'-phosphate depending on the kind of disease. The different affinity of both aminotransferases and isoenzymes for pyridoxal S'-phosphate (16) can be another factor contributing to these differences in stimulation rates. Aspartate aminotransferase binds pyridoxal S'-phosphate more loosely than alanine aminotransferase (16) . On the other hand, pyridoxal S'-phosphate is more strongly bound to cytoplasmatic isoenzyme than to the mitochondrial isoenzyme of aspartate aminotransferase (16). Besides we must take into consideration a possible change in the properties of aminotransferases in serum after their release from tissues. For instance an activation of aspartate aminotransferase was observed after splitting this enzyme into monomers (16).
Our investigations indicate that under special circumstances a great part of alanine aminotransferase in human serum can exist without pyridoxal S'-phosphate like aspartate aminotransferase (2) (3) (4) (5) (6) 9) . Therefore, in order to measure the maximum activities of alanine aminotransferase in serum we recommend, in accordance with Bergmeyer et al. (9) , the incorporation of pyridoxal S'-phosphate into the reaction mixture, taking into consideration the above mentioned conditions.
Tab. 1. Stimulation of aminotransferases in human serum by pyridoxal S'-phosphate. Stimulation rates are given in percent in relation to aminotransferase without addition of pyridoxal S'-phosphate (arithmetic mean ± standard deviation of the mean). Stimulation values for patients were compared with values for normal subjects. The relationship between the stimulation rates for both aminotransferases are given as correlation coefficients. 
